Changes in the protein composition of nuclei occur in many cell types as they undergo transitions from one state to another. Total histone content of nuclei shows only a 2-fold range of values over a cell cycle (Prescott 1966 , Borun 1975 ) but they undergo modifications in the degree of acetylation or phosphorylation that have been related to chromatin activation (Chahal, Matthews and Bradbury 1980) or chromosome condensation (Bradbury, Inglis, Matthews and Langan 1974 , Ma tsumoto, Yasuda, Mita, Marunouchi and Yamada 1980) . The onset of differenti ation may be accompanied by a decrease in total nuclear protein content (Mirsky and Ris 1949, Le Stourgeon, Rusch, Totten and Forer 1974) . Transition from the Go state to the proliferative state includes increases in the number of different types of proteins (Stein and Baserga 1970 , Le Stourgeon and Rusch 1971 , Levy , Levy, Rosenberg and Simpson 1973 and in the total acidic protein content of nuclei (Mirsky and Ris 1949, Le Stourgeon et al, 1974) . This latter type of transition parallels the change in meristem cells of roots of germinating seeds:cells of the dormant seed become activated and enter a proliferative phase as the seed germinates.
In the radicle of the dry seed of Vicia faba about 90% of the cells have a G, DNA content (Jakob and Bovey 1969) . When seeds imbibe water, cells become activated; the first cells to complete a cell cycle enter mitosis in a semi-synchronous wave (Davidson 1966 , Murin 1967 . In the subsequent 2-3 cycles:1) the root meristem achieves a steady-state condition; as it does so, mean cell area decreases but mean nuclear area remains fairly constant (Thomas and Davidson 1981 , 1983 . Since, in other systems, an increase in nuclear protein content is associated with a shift from the Go to the proliferative condition, we have measured nuclear protein contents during the first 144 hours of germination in order to determine: 1) whether mean protein content of nuclei changes as root meristem cells progress from the dormant condition into a proliferative stage in spite of the constancy of mean nuclear area; 2) what is the relationship between mean area and mean protein content?
Mean protein content of nuclei, as we report here, decreased as cells became proliferatively active, suggesting that the relationship between protein and size of nuclei is somewhat flexible. In order to explore this possibility we treated roots with 5-aminouracil: this extends the duration of G2 (Socher and Davidson 1971) and the cells and nuclei delayed in their progress through interphase show significant increases in size (Davidson, Golding and Armstrong 1978) . Mean nuclear pro tein contents were determined.
Though some increase in protein content was found, it did not equal the nuclear size increase in magnitude.
This supports the conclusion that, during the first few days of germination, the relationship between size and protein content of nuclei is not fixed. These results agree with those from other systems that variation in dry mass (Lyndon 1967) and protein content (Armstrong and Davidson 1982) is to some extent independent in variation of size of nuclei.
Materials and methods
Beans, Vicia faba L. cv. Sutton's Prolific Longpod, were notched above the embryo axis, placed on their sides between two layers of cheese cloth and distilled water was added to a depth of 5-10mm.
After 24 hours the seed coats were re moved, the beans rinsed in distilled water and growing roots were obtained in the following ways:i. seeds were skewered with stainless steel rods and placed, with the root down, in aerated distilled water, which was changed every 24 hours. They were fixed, at intervals, upto 144 hours from the start of imbibition; ii. seeds were planted in moistened sand (25 ml of water/100 ml of sand). After 96 hours from the beginning of imbibition, seedlings were removed from the sand, rinsed, skewered with steel rods and grown in tanks of aerated distilled water. Protein Contents of Nuclei of Selected Area Classes In order to determine whether the pattern of changes in mean nuclear protein content occurred in nuclei of specific area classes we selected nuclei of areas 71, 82, Nuclear protein contents cover a 2-to 3-fold range of values for a specific nuclear size class ( Table  1 The probit plots also revealed that protein contents of nuclei were not normally distributed (Fig. 2) since none of the three distributions appeared to fit a single straight line. From the range in protein contents of nuclei (Table 3 ; Fig. 2 ) it ap pears that, for individual nuclei, area may vary, to a large extent, independently of the amount of protein present. When mean protein content is plotted against mean nuclear area, however, a clear relationship between these two parameters emerges.
Nuclei were grouped into size classes (Table 4 ). Some classes contained few nuclei, i.e. 1-11, and their mean protein contents showed little correlation between (Table 2) . This is further evidence that, at different stages of growth, mean protein content may vary independently of mean nuclear area.
Discussion
The first wave of semi-synchronous mitosis appears in root meristems of germinating V. faba at about 50 hours (Thomas and Davidson 1981) . From the onset of imbibition to 50 hours, mean cell and nuclear size increase (Thomas and Davidson 1983 ) and mean nuclear protein content increases (Tables 1 and 2) .
These changes parallel those seen in animal cells in the transition from Go to a state of active cell growth (Le Stourgeon et al. 1974 ).
Once cells have completed their first mitosis and begin progress through the second and subsequent cell cycles, mean protein content of nuclei decreased. Though the decrease was progressive from 50 to 144 hours (Table 1 ) it appears to occur in two stages. Between 50 and 96 hours root meristems undergo a number of changes: 1) mean cell cycle duration decreases, to •`20 hours (Thomas and Davidson 1982) ; 2) mean cell area decreases (Thomas and Davidson, 1983) ; 3) mean nuclear protein content decreases (Tables  1 and  2).  But  from  96 to 144 hours  mean  area  and  mean   protein  content  of nuclei  show  only  slight  changes  (Tables  1 and  2) . In this period, root meristems gradually take on the characteristics of a steady state system and the growth pattern of their cells is similar to that of other cells (Prescott 1955, Zet terberg and Killander 1965) .
The analysis of the changes in cell, nuclear and protein parameters during the germination of Va faba suggests that the rates of i) cell growth and ii) progress through interphase are not closely coordinated.
The result is that cell cycle duration is not long enough to allow cells to double their size or their nuclear protein contents, though they do double their nuclear area. This means that nuclei are competent to complete a replication and division cycle in spite of reduction in their protein content. Though some nuclear proteins must be essential for maintaining chromatin structure and gene activity, others can be lost, or reduced in amount, without af fecting the ability of the nucleus to replicate and divide.
Protein content of nuclei also decreases after treatment with caffeine and, as with the results reported here, affected cells remain able to complete a cell cycle and divide (Armstrong and Davidson 1982) . The difference between the two systems in which a reduction in mean nuclear protein content occurs in significant. Here we describe the reduction that occurs between 50 and 96 hours of germination: the proteins lost could either be ones required to maintain the quiescent condition of nuclei while the seeds were dormant or ones that must be lost in order to allow nuclei to undergo the reprogramming necessary for them to give rise to a steady state population of proliferating cells. Similar proposals of programming for cell cycle changes have been made for bacteria (Kubitschek 1966) and animal cells (Liskay, Leonard and Prescott, 1979) . With caffeine treated roots, however, the drop in protein content took place in nuclei of cells that were already in a steady state condition. Even in these nuclei, therefore, a proportion of their protein mole cules may be lost without reducing their ability to replicate or divide (Armstrong and Davidson 1982) . The fraction of nuclear proteins that appears to be dis pensible may be similar to those identified in A. proteus as nonstructural proteins that move freely between cytoplasm and nucleus (Goldstein and Ko 1981) . The distribution of such proteins between nucleus and cytoplasm may be determined by physiological state of a cell, or by treatment, e.g. with caffeine or 5-AU. Changes in the relative amounts of such proteins in nuclei at different stages of root growth or in different cell lineages within a meristem may help to explain both the variation 1) in protein content of nuclei of a specific size class (Table 4) and 2) in nuclear dry mass at a specific stage of interphase (Lyndon 1967) . The question that remains, however, concerns the mechanism that enables nuclei to vary so markedly in size and in protein content.
Summary
Total protein content and area of nuclei were determined for cells of the primary root of Vicia faba during the first 144 hours following the onset of imbibition. We wished to determine what change, if any, occurs in protein contents of nuclei as meristematic cells move from a dormant into a proliferative condition. Nuclear proteins were stained with dinitrofluorobenzene and protein content, in arbitrary units, was determined by microspectrophotometry. In the first 50 hours mean protein content of nuclei increase; this, as we have shown, is the period in which cells and nuclei increase in size as they complete their first cell cycle. During sub sequent cell cycles, cell area decreases markedly, nuclear area decreases to a lesser extent; accompanying these decreases, the mean and the range of protein contents of nuclei decreased significantly. Thus, as the proliferating population of cells of a root meristem becomes steady-state, there is an absolute decrease in the concentration of total proteins within the nucleus. This was revealed particularly clearly by com paring unclei of identical areas from roots of different ages. Increases in nuclear size were induced by treatment with 5-aminouracil for upto 24 hours: this did not result in a significant increase in protein content of nuclei. These results agree with those from untreated roots that area and protein content of nuclei can, to a considerable extent, vary independently of one another.
